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Abstract. In the third of a series of papers on large-scale 
structures behind the southern Milky Way, we report here 
on redshifts obtained at the South African Astronomi- 
cal Observatory (SAAO) in the Great Attractor region 
(318° ^i^ 340°, |5| < 10°, Woudt 1998). 

This region encompasses the peak in the reconstructed 
mass density field, associated with the Great Attractor 
(Kolatt et al. 1995, Dekel et al. 1998) and covers the cross- 
ing of the Supergalactic Plane with the Galactic Plane. 

Our deep optical galaxy search in the Zone of Avoid- 
ance (ZOA) in this region (Woudt 1998) has resulted in the 
detection of 4423 galaxies with observed diameters larger 
than 0.2 arcmin. We have obtained reliable redshifts for 
309 galaxies of the 4423 galaxies with the "Unit" spectro- 
graph (first with a Reticon, then with a CCD detector) at 
the 1.9-m telescope of the SAAO. An additional 13 tenta- 
tive redshifts are presented. Before our survey, 127 galax- 
ies had a previously recorded redshift (NED and SRC96). 
Given a small overlap with the literature (44 galaxies), we 
present here redshifts for 265 galaxies that had no pre- 
vious recorded velocity. In addition, we present central 
velocity dispersion (uo) measurements for 34 galaxies in 
AGO 3627. 

It is known that the Great Attractor (GA) region is 
overdense in galaxies at a redshift-distance of w ~ 5000 
km s"^ (Fairall 1988, Dressier 1991, Visvanathan & Ya- 
mada 1996, di Nella et al. 1997). We realise here, however, 
that the Great Attractor region is dominated by AGO 
3627 (hereafter referred to as the Norma cluster), a highly 
obscured, nearby and massive cluster of galaxies close to 
the plane of the Milky Way (£, 5, v) = (325.3°, -7.2°, 4844 
km s-i ) (Kraan-Korteweg et al. 1996, Woudt 1998). 

Previous redshift surveys in the GA region have failed 
to gauge the significance of the Norma cluster, primarily 
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due to the diminishing effects of the Galactic foreground 
extinction on the partially obscured galaxies. In the ab- 
sence of the obscuring effects of the Milky Way, the Norma 
cluster would have appeared as prominent as the well- 
known Coma cluster, but nearer in redshift-space. This 
cluster most likely marks the bottom of the potential well 
of the Great Attractor (Woudt 1998). 
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1. Introduction 

In two previous papers, we reported on large-scale struc- 
tures behind the southern Milky Way in the Hydra- Antlia 
region (Kraan-Korteweg et al. 1995 - hereafter Paper I) 
and in the Crux region (Fairall et al. 1998 - hereafter Pa- 
per II). In the present paper, the third of this series, we 
present redshifts of galaxies obtained with the 1.9-m tele- 
scope of the SAAO in the Great Attractor (GA) region, a 
region adjacent to the Crux area (Paper II). 

Our deep optical galaxy search in the GA region has 
resulted in the detection of 4423 galaxies with major di- 
ameters larger than 0.2 arcmin. They were identified by 
visually scanning film copies of the SRG IllaJ survey un- 
der 50 times magnification. Details of the galaxy search 
are given by Woudt (1998) and the results of the galaxy 
search will be presented as a catalogue (Woudt & Kraan- 
Korteweg 1999, hereafter WKK99, in prep.). The search 
in the GA region covers 16 fields of the SRC Sky Sur- 
vey, namely F99-100, F135-138, F176-180 and F221-225, 
covering ^400 square degrees. 

The distribution in Galactic coordinates of the 4423 
identified galaxies is shown in Fig. 1. A small fraction of 
these galaxies had been catalogued before by Lauberts 
(1982), namely 2.4% (=108 galaxies). The adjacent Crux 
and Hydra-Antlia regions at lower Galactic longitude are 
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Fig. 1. The distribution of galaxies in the Great Attractor region. The sohd line outlines the surveyed area. The 
galaxies uncovered in the deep optical search [D > 0.2 arcmin) are displayed as small dots. The larger dots in the 
surrounding area are the Lauberts galaxies [D > 1.0'). The Centaurus, Pavo II, Centaurus-Crux and AC03627 clusters 
are labelled, as is the location of the peak of the reconstructed mass density field associated with the Great Attractor. 
The contours are lines of equal Galactic foreground extinction, taken from the Galactic reddening maps of Schlegel et 
al. (1998). The contours correspond to Ab = 1", 3™ (thick line) and 5". 



demarcated by the dotted line in Fig. y, as is the current 
extension towards the Galactic Bulge (Fairall & Kraan- 
Korteweg, in prep.). 

By far the most prominent overdensity of galaxies in 
the GA region is centred on the near byQ (cz = 4844 
km s-i ) Abell cluster ACQ 3627 (Abell et al. 1989) at 
{£,b) « (325°, -7°) in the constellation of Norma. The 
galaxies in this overdensity are on average quite large 



^ To avoid confusion about the redshift-distance of AGO 
3627, we quote here the most reliable value as derived from the 
redshifts of 219 cluster members in the Abell radius (Woudt 
1998). 



(<D>=30'.'3) and bright (<Bj> = 16™9). The large frac- 
tion of early type galaxies in AGO 3627 (50% of the galax- 
ies within the core radius are ellipticals or lenticulars) in- 
dicate that this is indeed a rich cluster of galaxies. More- 
over, if corrected for the obscuring effects of the Galactic 
extinction (Gameron 1990), and only including galaxies 
with extinction-corrected diameters Dq > 1.'3, this region 
would have the highest galaxy density in the entire south- 
ern sky (Woudt 1998). 

This clearly suggests that we have unveiled a ma- 
jor cluster of the nearby Universe. The central region of 
the Norma cluster is a factor / = 8—10 more dense 



III. Redshifts obtained at the SAAO in the Great Attractor region. 



3 



compared to regions at similar Galactic latitude. Due 
to the diminishing effects of the foreground extinction 
(Ab ~ 1™ — 2™), the richness of this centrally-condensed 
cluster had not previously been noticed, even though this 
cluster lies within 10° of the centre of the Great Attractor 
{e,b) « (320°, 0°), c/., Kolatt et al.(1995). 

Another significant concentration of galaxies in the 
GA region is located not far from the Norma cluster, at 
{£, h) « (329°, -9°). The relatively large number of early- 
type galaxies in this overdensity are, on average, much 
smaller than the early-type galaxies in the Norma clus- 
ter, especially when taking into account that the Galactic 
foreground extinction is nearly identical for both clusters. 
This overdensity, hereafter referred to as the Ara clus- 
ter, is possibly connected to the X-ray bright, and distant 
Triangulum-Australis cluster at (f , 6, w) = (324°, -12°, 
15300 km s-i ) (McHardy et al. 1981). 

Hardly any galaxies are visible at extinction levels of 
Ab > 5 mag. Our deep optical galaxy search in the Great 
Attractor region has reduced the optical 'Zone of Avoi- 
dance' to Galactic latitudes | & | < 3°. 

2. Observations 

As before in the Hydra- Antlia and Crux regions, we have 
aimed to be as complete as possible in tracing the bright 
end of the magnitude distribution of the identified galax- 
ies in the GA region. In addition, particular emphasis is 
given to the galaxies in the Norma cluster. Together with 
our MEFOS (Meudon ESO Fibre Optical Spectrograph) 
observations (Woudt et al. 1999, in prep.) we have aimed 
to observe all the galaxies down to an extinction-corrected 
magnitude of Bj — 15!"5, see also Sect. 3.2. 

The procedures used for observations at the SAAO are 
the same as described in Paper I. From the first quarter of 
1997 onwards, a new CCD detector has been installed at 
the 1.9-m telescope of the SAAO, replacing the old Reti- 
con Photon Counting System (RPCS). The RPCS data 
have been reduced at the University of Cape Town, follow- 
ing the procedure outlined in Paper I. The data obtained 
with the CCD camera have all been processed by using 
IRAfQ and the various tasks within this software pack- 
age, e.g. ccdred and rvsao. Both the RPCS and CCD data 
were taken from March 1994 to May 1997 with grating 7 
(210 A/ mm), resulting in a wavelength coverage of 3500 
- 7000 A. 

In Table 10, the 322 galaxies for which we obtained a 
redshift at the SAAO are listed. This table includes the 

^ IRAF (Image Reduction and Analysis Facility) is dis- 
tributed by the National Optical Astronomy Observatories, 
which are operated by the Association of Universities for Re- 
search in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation 

^ All the tables are only available in electronic form at the 
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) 
or via jittp : / / cdsweb .u-strasbg.fr/ Abstract .html 



13 tentative redshifts, and the galaxies observed at higher 
spectral resolution (see Sect. 2.1). The entries in Table 1 
are as follows: 

Column 1 and 2: Identification of the galaxy as given in 
WKK99 and Lauberts Identification (Lauberts, 1982). 

Column 3 and 4: Right Ascension and Declination 
(1950.0). The positions were measured with the 
Optronics machine at the ESO in Garching and have 
an accuracy of about 1 arcsec. 

Column 5 and 6: Galactic longitude £ and latitude b. 

Column 7: Major and minor axes (in arcsec). These di- 
ameters are measured approximately to the isophote 
of 24.5 mag arcsec"^ and have a scatter of a w 4". 

Column 8: Apparent magnitude Bj. The magnitudes are 
estimates from the film copies of the SRC IllaJ Survey 
based on the above given diameters and an estimate 
of the average surface brightness of the galaxy. 

Column 9: Morphological type. The morphological types 
are coded similarly to the precepts of the Second Ref- 
erence Catalogue (de Vaucouleurs et al. 1976). Due to 
the varying foreground extinction a homogeneous and 
detailed type classification could not always be accom- 
plished and some codes were added: In the first column 
F for E/SO was added to the normal designations of E, 
L, S and I. In the fourth column the subtypes E, M 
and L are introduced next to the general subtypes to 
9. They stand for early spiral (SO/a-Sab), middle spi- 
ral (Sb-Sd) and late spiral or irregular (Sdm-Im). The 
cruder subtypes are a direct indication of the fewer 
details visible in the obscured galaxy image. The ques- 
tion mark at the end marks uncertainty of the main 
type, the colon uncertainty in the subtype. 

Column 10: Heliocentric velocity (cz) and error as derived 
from the absorption features. The errors may appear 
large as they are estimated external errors, and not 
internal errors (see Paper I). The square brackets in- 
dicate a tentative redshift. 

Column 11: Heliocentric velocity and error measured 
from the emission lines (identified in column 12) when 
present. The square brackets indicate a tentative red- 
shift. 

Column 12: Identified emission lines: 

1 2 3 4 5 6 7 

[OH] H7 H/3 [OIII] [OIII] Ha [Nil] 
3727 4340 4861 4959 5007 6563 6584 

Column 13: Code for additional remarks: 

* ~ Redshifts are also available in the literature. 

1 - WKK 4001: The redshift measured at the 
SAAO for this galaxy {v = 5937 ± 250 km s'^ ) is in 
disagreement with the value quoted in the literature 
{v = 4700 ± 100 km s"! , Fairall 1981). 
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2 - WKK 5792: The redshift measured at the SAAO 
for this galaxy {v = 13487 ± 101 km ) is in 
disagreement with the value quoted in the literature 
{v = 3500 ± 70 km s-^ di Nella et al. 1997). There 
is a positional mismatch of 1.1 arcminutes between 
WKK 5792 and the galaxy quoted by di Nella et 
al. (1997). However, after visual re-examination, no 
galaxy is seen on the IllaJ Sky Survey at the position 
of di Nella's galaxy and we believe that this velocity 
should not be trusted. 

3 - WKK 6180 / 6212: The redshifts measured for 
WKK 6180 and WKK 6212 {v = 4619 ± 127 km s'^ 
and 3196 ± 95 km s~^ , respectively) are in disagree- 
ment with the value quoted in the literature [v — 3100 
km s~^ and v = 4911 km , respectively. West et 
al. 1981). This might be due to an identification error. 

4 - WKK 7055: The spectrum is contaminated by 
the light of a Galactic foreground star. However, a 
reliable redshift could be obtained. 

GR6 - These galaxies have been observed at higher 
spectral resolution with grating 6 (100 A/mm), see 
also Sect. 2.1. 

Syl - This galaxy, WKK 6092, has been classified as 
Seyfert 1 (Woudt et al. 1998). 

Table 2[] lists 22 galaxies for which no redshift could 
be determined. These spectra either had a poor signal-to- 
noise ratio or were dominated by the light of a Galactic 
foreground star. 

Table 3 ^ gives redshifts extracted from the literature 
for 82 galaxies we have not observed in the Great At- 
tractor region. These galaxies would have been included 
in our observations were they not observed before, since 
they meet our selection criteria. 

Columns 1-9 are the same as in Table 1. Column 10 
list the heliocentric velocities and errors (if given). The 
velocity in column 10 has been adopted from the source 
identified in column 11, where the number corresponds to: 

1. Dressier 1991 

2. di Nella et al. 1997 

3. Fisher et al. 1995 

4. Cote et al. 1997 

5. Strauss et al. 1992 

6. Jones & McAdam 1992 

7. Huchtmeier & Richtcr 1989 

8. Webster 1979 

9. Visvanathan & Yamada 1996 

^ All the tables are only available in electronic form at the 
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) 
or via jittp:/ /cdsweb. u-strasbg.fr/ Abstract. html 



10. Mould et al. 1991 

11. Fairall 1988 

12. Davies et al. 1989 

13. Fairall 1983 

14. Schmidt & Boiler 1992 

15. Fairall 1981 

16. Whiteoak & Gardner 1977 

17. Corwin & Emerson, 1982 

2.1. Velocity dispersion measurements for galaxies in the 
Norma cluster 

During one week in April 1996, we observed 39 galaxies in 
the Norma cluster at higher spectral resolution, i.e., with 
grating 6 (100 A/ mm = 1.4 A/pixel) in combination with 
the RPCS. These galaxies had been observed before, either 
by us in the course of our redshift survey (34 galaxies), or 
by others (5 galaxies). The higher spectral resolution al- 
lows the determination of the central velocity dispersion of 
these galaxies. The wavelength coverage ranges from 4100 
A to 6050 A, i.e. approximately centred on the Mg6 ab- 
sorption lines at Aq = 5172 A. The slit width is 1.8 arcsec 
and the length of each slit segment is 6 arcsec. The spec- 
tral resolution is approximately 2.9 A. This was measured 
from the width of the lines of the calibration lamp, and 
from the width of the peak of the autocorrelation function 
of the velocity standard stars. The typical exposure times 
range between 1500-s and 2000-s per galaxy. 

Three standard stars of spectral type G8 to K2 were 
observed to serve as templates for the velocity dispersion 
determination. We have used the Tonry & Davis (1979) 
cross-correlation technique, implemented in the IRAF task 
fxcor, to determine the central velocity dispersion. Scodeg- 
gio et al. (1998) reported that fxcor overestimates the ve- 
locity dispersion at a 5% level, so a small correction needs 
to be applied to the measured velocity dispersion. 

One galaxy, WKK6080, only revealed [OIII] and H/3 in 
emission, and hence no velocity dispersion measurement 
could be made for this galaxy. For four further spectra 
(WKK5919, WKK6221, WKK6298 and WKK6580) no re- 
liable velocity dispersion could be determined because of 
low signal-to- noise ratios. 

Table 4 ^ lists the final 34 galaxies and their respective 
central velocity dispersion. The entries in Table 1 are: 

Column 1-8: As in Table 1. 

Column 9: The Galactic reddening at the position of each 
galaxy, taken from the Galactic reddening maps of 
Schlegel et al. (1998). 

Column 10: As Column 9 of Table 1. 

Column 11: As Column 10 of Table 1. 

Column 12: The measured central velocity dispersion. In 
brackets, the number of standard stars are given that 
were used for the determination of the velocity dis- 
persion. A correction is applied to the velocity disper- 
sion following Scodeggio et al. (1998), since the IRAF 
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task fxcor overestimates the velocity dispersion at a 
5% level. 

Column 13: The logarithm of the aperture-corrected 
(Davies et al. 1987) central velocity dispersion, and its 
uncertainty calculated from the signal-to-noise ratio of 
the spectra (Scodeggio et al. 1998). 

2.2. Comparison to other measurements 

In the course of this redshift survey, some galaxies in our 
search area have been observed spectroscopically by oth- 
ers (Visvanathan & Yamada 1996, di Nella et al. 1997). 
Although the galaxies we observed were initially selected 
on the basis of having no published redshifts, a small over- 
lap now exists. 

This overlap allows for a comparison between our sam- 
ple and others. We find 

< ■^SAAO - ^^pub >= +38 ± 151 km s"\ 

which shows no significant systematic error, and agrees 
well within our average standard deviation. This is based 
on 43 galaxies for which a redshift estimate exists in the 
literature (not including WKK 4001 and WKK 5792). 

Similarly, we have allowed a small overlap between the 
SAAO galaxies and our complementary programmes using 
MEFOS and Parkes radio observations (Kraan-Korteweg 
et al. 1994), for which we find 

< ■^SAAO - t^MEFOS >= +3 ± 148 km s~\ 

< ■^SAAO - t^Parkcs -10 ± 238 km s"^ 

The comparison with the MEFOS and Parkes data is 
based on 24 and 8 galaxies, respectively. The agreement 
is good. The comparison with Parkes redshifts are mainly 
for low surface-brightness galaxies, for which our errors 
are larger. 

Note that in some cases, the difference between the 
optical and Hl-based radial velocity is real due to the net 
outflow of gas in the narrow emission line regions, as for 
instance in the case of Seyfert galaxies (Mirabel & Wilson 
1984). One such galaxy, a Seyfert 1 in AGO 3627 (WKK 
6092, see Woudt et al. 1998), has been included in the 
above statistics. If this galaxy is excluded, we find 

< "^SAAO - f Parkes >= +35 ± 218 km s"^ 

A final comparison is made for galaxies reobserved at 
the SAAO at higher spectral resolution with grating 6. All 
these galaxies are bona fide members of the Norma clus- 
ter. Eleven galaxies were observed before with MEFOS on 
the 3.6-m telescope of ESO, La Silla. For these galaxies 
we find no significant offset, and a very small standard 
deviation which reflects the high signal-to-noise ratio at 
higher spectral resolution for their velocity dispersion de- 
termination. 

< WSAAO, gr.6 - t^MEFOS >= +17 ± 49 km S~^ 



For 23 of these galaxies, both a low and high spectral 
resolution spectrum are available from our SAAO data. 
For these galaxies we find 

< fSAAO, gr.6 - VSAAO >= +28 ± 136 km s"\ 

There are only a few elliptical and lenticular galaxies 
in the Zone of Avoidance for which the central velocity 
dispersion has been measured. Dressier et al. (1991) pre- 
sented data for the three brightest galaxies in the Norma 
cluster. These galaxies (WKK6269 - the central cD galaxy, 
WKK6312 - another cD galaxy, and WKK6318 - a bright 
elliptical galaxy) are also part of our sample of 34 galaxies. 

It is difficult to make a quantitative comparison based 
on this small overlap. Moreover, the three galaxies in com- 
mon are biased in the sense that they are the brightest 
ellipticals in the Norma cluster. For these three galaxies 
we find 

< log (<^o)sAAo - log (^o)iit >= +0.109 ± 0.074. 

Note that one galaxy (WKK6269) is in perfect agree- 
ment with Dressier et al. (1991), but that WKK6312 and 
WKK6318 have a larger dispersion compared to those pre- 
sented by Dressier et al. (1991). Although we measure a 
larger velocity dispersion for WKK6312 and WKK6318, 
these are not atypical values for a cD galaxy, and a bright 
elliptical galaxy, respectively. 

A very recent paper by Lucey et al. (1999, in prep.) 
reports on velocity dispersion measurements of galaxies in 
AGO 3627. For six galaxies with sufficiently high signal- 
to-noise ratio we find a good agreement between the two 
data sets, 

< log (^o)sAAO - log (^o)Lucey >= -0-002 ± 0.085. 



3. Coverage and Completeness 

3.1. The GA region 

The top panel in Fig. || shows the distribution in Galac- 
tic coordinates of the newly identified galaxies in the GA 
region. The contours mark the Galactic foreground ex- 
tinction (Schlegel et al. 1998). The bottom panel of Fig. || 
shows the sky coverage of galaxies with reliable redshifts, 
indicated by the solid circles. The open circles correspond 
to galaxies with previously known redshifts. It is clear that 
a large fraction of our observational effort was directed to- 
wards obtaining a fairly complete coverage of the Norma 
cluster. 

3.2. ACQ 3627: The Norma cluster 

A more detailed view of the sky coverage of galaxies with 
reliable redshifts in the immediate vicinity of the Norma 
cluster is shown in Fig. |^. 
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Fig. 2. The top panel shows the distribution in Galac- 
tic coordinates of the partially obscured galaxies in the 
Great Attractor region. The displayed contours mark the 
foreground extinction (Schlegel et al. 1998), see Fig. 1. The 
thick line (also shown in the bottom panel) corresponds to 
Ab = 3!"0, below this line our deep optical galaxy survey 
is not complete anymore for galaxies with D° > 1.'3. The 
bottom panel shows the distribution of the galaxies with 
radial velocities. The GA survey region is outlined. Solid 
circles indicate the positions of galaxies, in the GA region, 
observed in the present work, and for which redshifts have 
been obtained. Open circles show the positions of galaxies 
for which redshifts are available from the literature. 



The filled circles in Fig. correspond to all the galax- 
ies with a known redshift (SAAO and literature data), 
whereas the crossed squares in Fig. ^ show the 34 galaxies 
for which we have obtained the central velocity dispersion. 
The latter sample is spread fairly uniformly over the en- 
tire cluster and represents a fair subsample of the Norma 
cluster. It has a mean velocity of 4877 km s^^ and a dis- 
persion of 791 km s~^ , compared to 4844 ± 63 km s^^ 
and 848 km s^^ of all Norma cluster members (Woudt 
1998). 
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Fig. 3. The distribution of the galaxies with radial veloc- 
ities in the immediate vicinity of the Norma cluster. The 
crossed squares are the galaxies for which we have ob- 
tained a central velocity dispersion. The filled circles cor- 
respond to the galaxies with a reliable redshift (both the 
newly obtained SAAO redshifts as well as the literature 
data). The circle marks the Abell radius of the Norma 
cluster (3 h^g^ Mpc, or 1.75 degrees on the sky at the 
redshift-distance of the Norma cluster). 



Apart from our standard observing strategy, i.e., to 
obtain a spatially uniform coverage of the bright end of the 
luminosity distribution of the newly catalogued galaxies in 
the GA region (see also papers I and II) , we have aimed to 
observe all the galaxies brighter than 6° ~ 15™ 5 within 
the Abell radius of the Norma cluster. 

The top panels of Fig. ^ show the magnitude and 
major-axis distribution of all the galaxies in the Great 
Attractor region with a reliable redshift. The SAAO data 
are indicated by the lighter hatched histogram, the dark 
shaded histogram shows the literature data. 

We have achieved a similar completeness compared to 
the Hydra-Antlia and Crux regions Paper I and II). We 
are 91% complete for galaxies brighter than (Bj < 14™) 
and even 56% complete for galaxies brighter than (Bj < 
16™). 

The lower panels of Fig. ^ show the extinction- 
corrected magnitude and major-axis distribution of the 
603 galaxies within the Abell radius of the Norma cluster 
(open histogram). Together with data from our MEFOS 
and Parkes redshift survey, and with literature data, we 
have now obtained a reliable redshift for 83% of the galax- 
ies with Bj = 15™5 within 3 Mpc of the Norma clus- 
ter. This is illustrated by the cross-hatched histogram in 
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Fig. 4. The top panel shows the magnitude and major- 
axis distribution of galaxies with radial velocities in the 
GA region. The lighter hatched areas mark the galaxies 
observed at the SAAO, the dark shaded histogram are 
galaxies previously observed by others. The lower panel 
shows the extinction-corrected magnitude and major-axis 
distribution of the galaxies in the Norma cluster. The 
open histograms mark all the optically identified galaxies, 
the cross-hatched histograms illustrate those galaxies that 
now have a reliable redshift (including MEFOS, Parkes 
and literature data) and the dark shaded histograms show 
the redshifts presented in this paper. 

the lower panels of Fig. |[ For the remaining 36 galaxies 
(=17%) brighter than Bj = 15!"5 without redshifts, we 
have observed a further 10 galaxies, but no reliable redshift 
could be obtained. For galaxies brighter than Bj = 14™5, 
95% of the galaxies were observed and a reliable redshift 
has been obtained for 91%. 

The redshifts obtained at the SAAO (dark shaded his- 
togram in the lower panels of Fig. ^ account for more than 
50% of the newly obtained redshifts within the Norma 
cluster. 



4. Identification of Large-Scale Structures 
4.I. Velocity distribution 

Fig. ^ shows the redshift distribution of the observed 
galaxies in the GA region. The literature data reveal shal- 
low peaks at 3000 km s^^ and 5000 km s'^ . With the 
new redshifts, the peak at 5000 km s~^ is the most domi- 
nant feature in the GA region. Most of the galaxies at this 
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Fig. 5. Velocity histogram of the galaxies in the search 
area in the Great Attractor extension in the ZOA. Lighter 
hatched areas are velocities measured by us; darker 
hatched by others. 

redshift-distance belong to the Norma cluster (see Fig. 
and its immediate surrounding. A more distant (broad) 
peak can be seen at 15000 km s^^ . This peak is associ- 
ated with the Ara cluster. 

In Fig. ^, only the galaxies within the Abell radius of 
the Norma cluster (the circle in Fig. ^ are plotted. From 
this velocity histogram it is clear that 

— The strong peak at 5000 km s^^ in Fig. ^is primarily 
due to the Norma cluster. 

— The Norma cluster has a large velocity dispersion of 
cr — 845 km s~^ . This large velocity dispersion is in- 
dicative of a very massive cluster. According to the 
Virial theorem and following Sarazin (1986), it trans- 
lates into a dynamical mass of 1 x 10^^ Mq within a 3 
h^Q^ Mpc radius (see also Kraan-Korteweg et al. 1996). 
The dynamical mass could not have been determined 
on the basis of the available literature data (20 galax- 
ies, dark shaded histogram in Fig. ||). 

— Fore- and background galaxies are clearly offset from 
the main cluster members. There is hardly any con- 
tamination by field galaxies at the cluster core. There 
are 152 redshifts known within the Abell radius of the 
Norma cluster, and 137 galaxies (=90%) are cluster 
members. 

Therefore, from the SAAO data alone, one can con- 
clude that the Norma cluster is a massive cluster near the 
heart of the Great Attractor. 

4-2. Sky projection 

Before examining the redshift distribution in the sky pro- 
jection shown here, the reader should be aware that the 
galaxies plotted in any of the subsequent diagrams consti- 
tute an 'uncontrolled' sample of galaxies. The complemen- 
tary data adjacent to our survey region are taken from the 
1996 Southern Redshift Catalogue (SRC) (Fairall 1996) 
which lists galaxies purely on the basis of them having 
redshifts. 
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Fig. 6. Velocity histogram of the galaxies within the Abell 
radius of the Norma cluster. Lighter hatched areas are 
velocities measured by us at the SAAO; darker hatched 
by others. 



In Fig. 0, we have plotted the galaxy distribution in 
Galactic coordinates sliced in redshift intervals of Aw — 
2000 km s~^ out to 16000 km s~^ . The most conspicuous 
features occur in the second, third and eight slice, coin- 
ciding with the peaks observed in the velocity histograms 
(see Fig. |^). This figure covers the same region of the sky 
as Fig. 1^, where the major concentrations of galaxies are 
labelled. 

In the first slice (v < 2000 km s^^ ), the Supergalactic 
Plane dominates the graph. Our GA search region fully 
covers the crossing of the Supergalactic Plane with the 
Galactic Plane. An excess of galaxies is seen within the 
Supergalactic Plane near the Centaurus A group (at £ — 
310° and b = 19°). At higher Galactic longitudes (340° < 
£ < 360°), the Local Void is quite distinct. 

In the second slice (2000 < u < 4000 km s^^), the 
new data clearly suggest the presence of a narrow fila- 
mentary structure running from £ = 340°, b = —25° to 
the Centaurus cluster a± £ — 303°, b — 20°. In Paper II, 
we already noticed the extension of this structure at low 
Galactic latitude northwards of the Galactic Plane. Here, 
we can clearly identify the continuation of this structure 
below the Galactic Plane, from where it continues to (£, b) 
= (340°,— 25°). This extended overdensity is part of a 
Great Wall-like structure seen edge-on - the Centaurus 
Wall (FairaU 1998). 

The Norma cluster becomes very pronounced in the 
third redshift slice (4000 <v< 6000 km s'^ ). This red- 
shift slice corresponds to the redshift-distance of the Great 
Attractor overdensity, i.e., ^ 4500 km s""'^ (Lynden-Bell 
et al. 1988, Kolatt et al. 1995) and coincides with the 
strong single peak seen in the velocity histogram of the 
GA region (Fig. ||). The new data, together with the neigh- 
bouring galaxies outside the survey area in an extended re- 
gion around the Pavo II cluster {£ « 332°, b « —23°) sug- 
gest a broad large-scale structure running more or less hor- 
izontally across the diagram. There is no clear connection 
to the Centaurus cluster which is located a lower redshift- 
distance {e.g., Stein et al. 1997 and references therein). 



This broad feature, also referred to as the "Norma super- 
cluster" , was already noted in Paper II. 

Traces can also be seen in the following slice, so the fea- 
ture is also probably wall- like seen roughly side on - i.e., 
its width (or depth in Fig. ^ being some 3000 km s~^ , 
and its thickness several hundred km s^^ unless much is 
still hidden by the dense obscuration. 

The Norma supercluster is located at a greater dis- 
tance compared to the Centaurus Wall mentioned above, 
but must be similarly massive. It includes a cluster/group 
of galaxies around (€, 6, v) = (305.5°, +5.5°, 6214 km s'^ ) 
(the Centaurus-Crux cluster, Paper II). The Centaurus- 
Crux cluster and the Vela overdensity (Kraan-Korteweg 
& Woudt 1993) at {£,b,v) = (280°, -^6°, 6000 km s"! ) 
probably form part of the Norma supercluster. 

It is likely that the fiow motions that led to the pre- 
diction of a Great Attractor originate in fact from the 
confluence of these two massive structures (the Norma su- 
percluster and the Centaurus Wall) , at the intersection of 
which resides the massive Norma cluster. 

Although the rich Norma cluster seems to constitute 
the bottom of the potential well of the GA, it cannot be 
excluded that other major features of the GA remain hid- 
den by the Galactic foreground extinction. There are var- 
ious indications that the strong extragalactic radio source 
PKS1343-601, located at i£,b,v) = (309.7°, -hi. 7°, 3872 
km s^^), could mark the centre of a highly obscured 
(Ab = 12™) rich cluster in the GA overdensity (Woudt 
1998, Kraan-Korteweg & Woudt 1999). The prospective 
PKS1343-601 cluster is located in the second slice of Fig. ^ 
near to the intersection of the Norma supercluster and the 
Centaurus Wall. 

In the last redshift slice (14000 < v < 16000 km 
s-i ) the Ara cluster is seen at {£,b) = (329°, -9°). This 
cluster is located near the X-ray bright Triangulum- 
Australis cluster at {£, b, v) = (324°, -12°, 15300 km s^^ ) 
(McHardy et al. 1981). Together, they might be part a 
larger structure, i.e., a supercluster. 

4.3. Pie diagrams 

The redshift cones of Fig. ^ clearly show the impact of our 
redshift survey on the ZOA. The middle panels in Fig. || 
mark the latitude interval —10° < 6 < 10°, a region that 
previously was largely blank now shows clusters, super- 
clusters and voids. In this representation, the ZOA out to 
£ = 340° is indiscernible from its unobscured counterpart. 

The left panel of Fig. ^ shows the galaxies out to 
a redshift of 10000 km s~^ , whereas the right panel 
shows the galaxies out to twice that distance. The upper 
panel includes the Centaurus clusters (Cen30 and Cen45), 
the lower panel includes the Pavo II cluster. The Norma 
cluster, at £ = 325° in the ZOA, is very radially ex- 
tended, indicative of the massive nature of this cluster. 
The Centaurus-Crux cluster at £ = 305° (Paper II) ap- 
pears as a smaller finger of god. Several voids can be iden- 
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Fig. 8. Redshift slices out to v < 10000 km s ^ (left panel) and v < 20000 km s ^ (right panel) for the longitude 
range 290° < £ < 350°. The top panels display the structures above the GP (+10° < 6 < +25°) the middle panel 

in the GP (-10° <b< +10°) and the bottom panel the structures below the GP (-25° < 5 < -10°). The dashed 
lines in the middle panel delimits the survey area. Filled squares are measurements from the SAAO, crosses from the 
literature. 



tified. One of the larger voids in the ZOA is located at 
£ « 316°, V « 7000 km s'^ and has a radius of i? « 1000 
km s~^ is the Circinus void (Fairall 1998). It probably 
connects with the void located behind the GA (da Costa 
et al. 1996). Further nearby voids can easily be recognised. 



5. Summary 

Ever since the discovery of the Great Attractor a massive 
overdensity partly responsible for the large-scale system- 
atic flow of galaxies in the Local Universe - it was clear 
that a large fraction of this overdensity was hidden from 
our view by the obscuring veil of the Milky Way. 
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Our ZOA redshift survey at the SAAO has resulted in 
265 new rehable redshifts in the Great Attractor region. 
These data clearly show that the Great Attractor region 
is dominated by a rich and massive cluster at low Galactic 
latitude, i.e., the Norma cluster. 

Moreover, it now emerges that the Great Attractor 
itself is likely to be the confluence of two massive large- 
scale structures in this part of the sky, the Centaurus Wall 
and the partially obscured Norma supercluster. 
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Table 1. Redshifts of partially obscured galaxies in the Great Attractor region obtained at the SAAO. 
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III. Redshifts obtained at the SAAO in the Great Attractor region. 13 
Table 1. Continued - Redshifts of partially obscured galaxies in the Great Attractor region obtained at the SAAO. 
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Table 1. Continued - Redshifts of partially obscured galaxies in the Great Attractor region obtained at the SAAO. 
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*,GR6 
*,GR6 



13 6 7 

15 6 



13 6 



GR6 
GR6 



6 7 
6 

6 7 
6 



GR6 



GR6 
GR6 



13 4 5 6 7 



6 7 



4 5 6 7 
3 4 5 6 7 



13 4 5 6 7 



GR6 



GR6 



7390 58 3 6 7 



*,GR6 
GR6 



GR6 



1 3 4 5 6 



2 3 6 7 
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Table 1. Continued - Redshifts of partially obscured galaxies in the Great Attractor region obtained at the SAAO. 



WKK 
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R A 


Dec. 




gai t 


gal h 


D X 




R T 

O J 


Type 


Va6s 
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IN (J Leo 
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Ident 


(h 


m s) 


(° 




) 


(°) 


(°) 


(") 




(™) 


class. 


km s~ 


-1 


km s 


- 1 


Em. lines 




(1) 


(2) 




(3) 


(4) 




(5) 


(6) 


(7) 




(8) 




(9) 


(10) 




(11) 




(12) 


(13) 


WKK7105 




16 


28 56.4 


-61 


38 


56 


326.22 


-9.39 


30x 


16 


16.1 


L 




5567 


160 










WKK7122 




16 


29 35.8 


-57 


26 


25 


329.40 


-6.59 


2Sx 


19 


16.3 


S 





5368 


135 










WKK7123 




16 


29 35.8 


-59 


37 


47 


327.78 


-8.08 


16x 


13 


17.4 


L 


7 


13341 


240 










WKK7126 




16 


29 39.2 


-61 


31 


30 


326.37 


-9.37 


34x 


19 


16.1 


SY 


10059 


193 


10128 


100 


6 




WKK7138 


L137-032 


16 


30 04.4 


-61 


56 


33 


326.09 


-9.68 


116x 


12 


15.6 


s 


5 






4511 


100 


6 




WKK7140 




16 


30 11.5 


-58 


27 


38 


328.70 


-7.34 


30x 


20 


16.3 


L 


7 


5481 


136 










WKK7147 




16 


30 24.9 


-62 


21 


01 


325.81 


-9.99 


31x 


26 


15.9 


S 


: 


5179 


121 










WKK7157 




16 


30 49.0 


-61 


17 


26 


326.64 


-9.31 


51x 


13 


15.8 


S 





5328 


149 










WKK7166 


SGC1631 


16 


31 05.2 


-58 


06 


56 


329.03 


-7.20 


117x 


90 


13.5 


L 




1573 


86 










WKK7223 




16 


33 39.0 


-61 


00 


46 


327.08 


-9.38 


67x 


23 


15.3 


S 





5424 


123 










WKK7261 




16 


35 27.9 


-60 


17 


10 


327.78 


-9.06 


26x 


22 


15.8 


E 








5754 


70 


16 7 




WKK7284 




16 


36 22.7 


—59 


44 


31 


328.27 


-8.79 


22x 


9 


17.0 


F 




4813 


102 










WKK7290 




16 


36 32.0 


—61 


33 


03 


326.90 


-9.99 


46x 


24 


15.6 


S 


1 : 


4937 


162 










VV 1 v IV ( oU4t 




ID 


O 1 ZU. 1 


—56 


35 


nQ 
uy 


'i.'if\ 7^ 
OOU. i 


— D.oU 


19x 


10 


1 fi Q 

iD.y 


L 


7 


14104 


126 










WKK7306 




16 


37 23.7 


— 04 


A O 


51 


332.16 


-5.57 


95x 


65 


13.7 


E 




5111 


222 
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1 R 


QS 1 1 Q 


-58 


56 


An 


QOQ flQ 
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15x 


10 


1 ? Q 


E 




10 ( i ( 


1 ft 

14o 










W IV iV ; oZu 




16 


38 16.2 


-55 


50 


20 


331.40 


—6.41 


93x 


75 


13.6 


E 


1 


5066 


142 










VV IV±V 1 OO 1 




16 


39 44.5 


-60 


16 


19 


328.14 


—9.46 


15x 


12 


17.3 


F 




21348 


120 










VV rvrv i ouu 




16 


39 48 1 


-59 


24 


43 


328 81 


—8 90 


34x 


17 


16 3 


S 


E 


16005 


183 










VV ivrv 1 ^U-i- 




16 


41 00 4 


-59 


49 


55 


328 .58 


—9 29 


50x 


32 


15 


S 


1 


5496 


193 


5295 


100 


g 




VV ivrv ( 4:uy 




ID 


41 20 1 


-58 


13 




329 8G 


—8 28 


22x 


12 


ID.O 


F 




14364 


122 










W iV i\ ( ^Z\J 




16 


41 48.2 


-59 


29 


38 


328.91 


—9.15 


39x 


19 


16.2 


S 


2 


[ouyoj 


OQQ 

zoy 










AUK 


T 1 Q"? (\A O 

ijio /-U4z 


16 


43 16.6 


-60 


03 


38 


328.59 


—9.66 


112x 


66 


13.6 


S 


4 


3480 


250 


323d 


58 


3 5 7 


* 


■\S7"K"Pr7/17'1 
W IV IV f ft ( ± 




1 R 
ID 


A ^ OO ft 


-57 


55 


ou 


<nn 07 


ft Q1 


31x 


24 


1 ^ Q 

lo.y 


L 




14954 


yo 










VV xviV ( ^ ( ij 




16 


43 38.8 


—OcS 


no 


44 


330.19 


—8.40 


22x 


13 


16.8 


F 




14256 


140 










VV XV XV 1 X X 




16 


44 51.4 


-60 


28 


30 


328.40 


-10.07 


22x 


10 


17.2 


F 




16149 


180 










WKK7522 




16 


45 07.0 


-56 


52 


26 


331.23 


-7.80 


19x 


17 


16.9 


F 




14010 


182 










WKK7525 




16 


45 09.8 


-58 


30 


39 


329.96 


-8 85 


30x 


12 


16.8 


g 


Q 


14940 


186 










WKK7548 




16 


46 03^4 


-56 


30 


32 


331^59 


-7^67 


42x 


30 


15'6 


E 




13947 


135 










WKK7570 




16 


46 38.3 


-59 


48 


11 


329.07 


-9.82 


16x 


13 


16.7 


E 




13725 


194 










WKK7571 




16 


46 39.7 


—59 


55 


58 


328.97 


-9.90 


42x 


22 


15.6 


F 




5954 


158 








* 


WKK7579 


L137-046 


16 


46 47.9 


—58 


54 


28 


329.78 


-9.27 


156x151 


12.0 


S 


3 : 






1560 


70 


3 6 


* 


WKK7582 




16 


46 51.2 


-59 


56 


44 


328.97 


-9.93 


23x 


12 


16.7 


E 




15206 


168 










WKK7615 




16 


47 35.0 


-59 


53 


44 


329.07 


-9.97 


20x 


12 


16.9 


S 


PI ? 


15614 


183 










WKK7619 




16 


47 41.9 


-59 


48 


23 


329.15 


-9.92 


48x 


15 


15.9 


S 


1 


[14461] 


250 


14651 


58 


3 6 7 


* 


WKK7624 




16 


47 48^9 


-59 


43 


47 


329^22 


-9^89 


17x 


16 


17^0 


E 




15978 


139 










WKK7628 




16 


48 00.4 


-59 


25 


44 


329.47 


-9.72 


31x 


8 


17.1 


S 


E 


12386 


187 










WKK7631 




16 


48 03.1 


-52 


25 


20 


334.95 


-5.28 


59x 


46 


14.6 


E 




4604 


250 










WKK7653 




16 


48 25.8 


-52 


29 


02 


334.94 


-5.37 


26x 


20 


16.4 


F 








4377 


70 


6 7 




WKK7654 




16 


48 27.2 


-58 


35 


14 


330.17 


-9.23 


77x 


17 


15.6 


L 


P 






2536 


58 


6 7 


* 


WKK7657 




16 


48 36.2 


-59 


36 


45 


329.37 


-9.89 


55x 


30 


15.4 


L 




14460 


109 








* 


WKK7659 




16 


48 40.4 


-59 


39 


17 


329.35 


-9.92 


20x 


12 


17.1 


S 


E: 


[137271 


250 










WKK7660 




16 


48 42.1 


-59 


39 


20 


329.35 


-9.93 


23x 


15 


16.7 


L 




14683 


174 










WKK7688 




16 


49 27.7 


-58 


58 


03 


329.95 


-9.57 


27x 


19 


16.6 


F 




14020 


78 










WKK7748 




16 


51 37.8 


-59 


19 


52 


329.84 


-10.02 


47x 


24 


15.9 


S 


1 


4823 


250 


4757 


58 


16 7 


* 


WKK7876 




16 


59 07.7 


-58 


00 


35 


331.51 


-9.98 


51x 


23 


15.8 


S 


1 : 


14526 


142 








* 


WKK7959 




17 


04 46.1 


-52 


35 


03 


336.39 


-7.39 


19x 


19 


16.7 


L 


7 


19061 


159 










WKK7979 




17 


05 41.4 


-52 


40 


38 


336.40 


-7.55 


30x 


27 


16.0 


E 




19256 


250 


19123 


70 


6 




WKK8056 




17 


09 50.6 


-52 


44 


46 


336.72 


-8.10 


24x 


15 


16.9 


L 


7 


[18264] 


208 










WKK8065 




17 


10 16.4 


-55 


20 


41 


334.61 


-9.66 


23x 


15 


17.1 


F 




17788 


202 










WKK8092 




17 


12 01.4 


-52 


44 


05 


336.92 


-8.37 


28x 


17 


16.6 


S 


: 


[10270] 


217 










WKK8115 




17 


13 45.1 


-54 


12 


08 


335.85 


-9.42 


28x 


17 


16.6 


S 


E: 


18044 


127 











Table 2. Partially obscured galaxies in the Great Attractor region for which no redshift could be obtained. 



WKK 


Other 




R.A. 


Dec. 




gal t 


gal b 


D X 


d 


Bj 


Type 


Notes 




Ident 


Ident 


(h 


m s) 


(° 


' ") 


(°) 


(°) 


(") 




D 


class. 






(1) 


(2) 




(3) 


(4) 




(5) 


(6) 


(7) 




(8) 




(9) 


(10) 




WKK4376 




14 


47 58.5 


-52 


19 


23 


320.76 


6.14 


20x 


15 


17.5 


S 


: 


No reliable features 




WKK4687 




15 


07 32.7 


-53 


46 


23 


322.66 


3.47 


23x 


19 


17.2 


E 


7 


S/N too low 




WKK4821 




15 


15 30.4 


-66 


13 


21 


317.05 


-7.69 


35x 


16 


16.7 


S 


e' 


No reliable features 




WKK4865 




15 


19 06.4 


-50 


36 


33 


325.84 


5.23 


19x 


16 


17.2 


E 


7 


Stellar spectrum (sp. 




WKK4910 




15 


21 42.9 


-50 


40 


06 


326.16 


4.96 


22x 


15 


17.1 


F 




Stellar spectrum (sp. 




WKK5261 




15 


41 42.7 


-58 


55 


29 


323.72 


-3.44 


28x 


23 


15.9 


L 




Stellar spectrum (sp. 




WKK5304 




15 


43 50.3 


-61 


34 


21 


322.30 


-5.69 


32x 


20 


15.8 


L 




Stellar spectrum (sp. 
No reliable features 


*) 


WKK5326 




15 


44 46.5 


-47 


59 


33 


330.78 


4.92 


20x 


12 


17.6 


L 


? 


WKK5591 




15 


54 30.5 


-65 


31 


25 


320.70 


-9.50 


22x 


13 


17.0 


S 


E 


S/N too low 




WKK5650 




15 


56 03.2 


-60 


16 


52 


324.28 


-5.63 


52x 


19 


15.6 


S 


M 


Stellar spectrum (sp. 




WKK5817 




16 


00 47.1 


-59 


22 


03 


325.33 


-5.33 


28x 


26 


16.2 


7 




Stellar spectrum (sp. 




WKK6139 




16 


08 20.0 


-61 


22 


49 


324.66 


-7.45 


34x 


28 


15.7 


SYP 


Stellar spectrum (sp. 


*) 


WKK6145 




16 


08 24.3 


-49 


44 


38 


332.61 


1.07 


20x 


18 


16.8 


?S 


E? 


Galactic? (sp.*) 


WKK6917 




16 


24 19.6 


-60 


18 


45 


326.82 


-8.06 


23x 


9 


17.0 


L 




S/N too low 




WKK7101 




16 


28 51.4 


-60 


47 


42 


326.85 


-8.80 


19x 


19 


17.1 


?S 




S/N too low 




WKK7347 




16 


39 10.7 


-53 


57 


52 


332.90 


-5.27 


60x 


54 


14.6 


7 




S/N too low 




WKK7515 




16 


44 57.8 


-55 


26 


09 


332.32 


-6.86 


32x 


19 


16.3 


' S 


E 


Stellar spectrum (sp. 


*) 


WKK7686 




16 


49 23.8 


-55 


50 


59 


332.40 


-7.61 


30x 


20 


16.5 


s 


E 


S/N too low 


WKK7865 




16 


58 34.4 


-58 


04 


58 


331.40 


-9.97 


24x 


18 


16.7 


s 


1 : 


No reliable features 




WKK7900 




17 


00 43.5 


-56 


20 


55 


332.99 


-9.16 


22x 


19 


16.5 


s 


E? 


Stellar spectrum (sp. 


*) 


WKK7954 




17 


04 40.1 


-53 


01 


18 


336.03 


-7.63 


16x 


12 


17.1 


E 


7 


S/N too low 


WKK8071 




17 


10 39.6 


-54 


04 


25 


335.69 


-8.97 


28x 


16 


16.7 


F 




S/N too low 
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Table 3. Partially obscured galaxies in the Great Attractor region that were observed before. 
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III. Redshifts obtained at the SAAO in the Great Attractor region. 
Table 4. Central velocity dispersion measurements for 34 galaxies in the Norma cluster. 
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